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Discussion: 
 
A meeting was held to discuss the design of the EBIS Central Drift Tubes.  The major 
focus of this meeting was the vacuum requirements and how they would be met within the 
design. 
 
Vacuum Model:  
 
An analytical model was developed (in Microsoft Excel ®) which performs a finite-
difference calculation to try to predict the vacuum level within the drift tube region. See 
figure 1. Below. 

 
 
Figure 1.  Finite Difference Vacuum Model 
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Vacuum Model (cont):  
 

The model uses the Clausing Factor (Ref 1., and Figure 2.) combined with the 
actual geometry to calculate conductance throughout the chamber.  Certain assumptions 
were applied, as follows: 

 
•Finite-difference approach can be used for a quasi-steady-state system: 

Q = C DP 
Where Q = throughput (Torr-liter/sec) 

C = Conductance (liter/sec) 
  DP = Pressure Differential (Torr) 

•Gas Load a function of: 
Material 
Surface preparation (Electro-polish, baking, etc) (see figure 3 below) 
Total Surface Area 
Energetic Particle-Induced Desorption 
 

 
Figure 2: Clausing Factor used in Conductance Calculations 
 
 

 
Figure 3. Out-gassing of Stainless Steel as a function of bake temperature and time. 
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Vacuum Model (cont): 
 
Based on this information and other properties of the system, the following additional assumptions 
were used: 
 

Total Gas Load (Outgas + Desorption from energetic particles striking surfaces): 
 
          Gas Load = 1.0E-11 Torr-liter/sec-cm2 
 
Pumping Speeds: 
 
           Cryo-pump Pumping Speed = 500 liter/sec (ends of Drift Tube Region) 
 

Non-Evaporable Getter Strips (NEG) = 90 l/sec-m per strip (270 l/sec total) (Ref 2). 
 
The 12 simultaneous equations used and solved are shown in Appendix 1. 
 
Vacuum Model Results: 
 
The model was run two ways: With and without the getter strip.  The results are shown in Figure 4. 

 
Figure 4. Results of Finite-Difference Vacuum Model 
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Individual Drift Tube Pumping and Bake-out Scenario: 
 
There was discussion regarding additional pumping within specified drift tubes.  This is accomplished by 
NEG strips in an annular region between the ID and OD of these tubes. The Inner tube is perforated to 
allow pumping of the central area.   See figure 5.  The vacuum model currently does not distinguish 
between the vacuum level inside the tube itself versus the vacuum chamber. 
 

 
Figure 5. NEG-pumped Drift Tube 
 
There was some discussion on coating versus NEG strips, which require activation.  A graph of the 
performance of these different schemes is shown in Figure 6.  However, it was concluded that coating 
would not suffice, as the mechanism for vacuum degradation is Magnetron Glow Discharge, which 
degrades the vacuum from the outside to the inside of the drift tubes.  Coatings do not help this effect. 
 
The bake-out scenario was also discussed. A requirement for the ability to withstand 400  ºC was 
proposed.  However, the ability to achieve and control this is a concern.  Also, the activation of the 
individual tube NEG strips remains an issue, as there is little means to control the rise and cool-down time.  
It was suggested to bake at 250 deg C for longer periods, as is done throughout the AGS-RHIC complex.  
The length of time to reach 400 deg C is also a concern. 
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The baking of the central chamber can be accomplished using Cal-Rods (“Firebar”) and an external water 
jacket for keeping the bore of the Cryogenic solenoid magnet cool.  This is the current configuration on the 
EBIS Test Stand. 
 

 
 
 
 
Transient Analysis: 
A transient analysis was also performed using the same model and the following assumptions: 
 

(Pa)i+1 = (Pa)i + [Qa * (dt/Va)] 
Where Pa = Pressure at nodal point “a” 

             Q = Total Throughput at nodal point “a” (+ = in, - = out) 
Va = Volume at nodal point “a” 
 

The goal was to determine the effect on vacuum when a small amount of Helium is injected into the central 
portion of the drift tubes.  However, the model has some numerical stability issues (time constant very 
small), and is not working at this time. 
 
The current design assumes a small vessel filled with helium at a pressure of approximately 1 x 10-5 Torr 
and the use of a piezo-electric valve that can inject Helium for 10 milliseconds once every second 
(maximum). 
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Summary and Action Items:
 
Several issues need to be resolved before the final design of the EBIS Central Drift Tubes.  Below is a list 
of issues and associated action items: 
 

1. Investigate activation temperature and heating and cooling ramp rates for various NEG materials to 
be used in the individually-pumped drift tubes. (Mapes, Bellavia) 

2. Perform calculations (steady-state) for vacuum inside individual drift tubes as well as the chamber. 
(Bellavia, Pikin) 

3. Continue transient analysis to determine effect on overall vacuum and requirements for helium 
injection system. (Bellavia, Pikin) 

4. Investigate other options for perforated metal or wire mesh to improve throughput if NEG strips are 
indeed used for individually pumping the central drift tubes. (Bellavia, Grau) 

5. Use the EBIS test stand to better correlate the vacuum levels with Magnetron Glow Discharge and 
other effects that degrade the vacuum during operation. (Pikin, Beebe). 
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Appendix 1. Vacuum Model Simultaneous Equations: 
 
 

 
 

 


